(elevation) in adduction has any prognostic value for the functional outcome of binocular vision in fully refractive accommodative esotropia (RAET).
Methods A retrospective study was performed on 58 patients initially diagnosed with RAET who were followed for at least 4 years. There is therefore no evidence in favour of a cause-effect relationship between up-shoot in adduction and loss of binocularity in RAET.
Key words Binocular vision, Inferior oblique muscle overaction, Refractive accommodative esotropia, Strabismus surgery, Up-shoot in adduction, V pattern Overaction of the inferior oblique muscle with up-shoot (elevation) in adduction may be secondary to paresis or paralysis either of the ipsilateral superior oblique muscle or of the contralateral superior rectus muscle. Nevertheless, up-shoot in adduction may be also encountered in subjects in whom no other form of strabismus is present or in cases where there is no evidence for a past or present ipsilateral superior oblique paralysis. In fact, up-shoot in adduction typically occurs in essential infantile esotropia/ where it is commonly considered to be caused by a 'primary' inferior oblique overaction. At present, no convincing explanations have been put forward regarding the existence of a true primary inferior oblique muscle overaction, mostly in essential infantile esotropia. Other causes for up-shoot in adduction in the absence of a deficit of superior oblique or superior rectus muscles have been suspected. In essential infantile esotropia a dissociated vertical deviation (DVD) may cause the adducted eye which is covered by the nose to turn upward. 2 In Duane syndrome, elevation in adduction is caused by a bridle effect of a co-contracted lateral rectus muscle or by a pathological co firing of the medial rectus and the superior rectus muscles? Recently an inferior displacement of the pulley of the lateral rectus muscle has been observed with high-resolution magnetic resonance imaging in patients who showed up-shoot in adduction of the non fixating eye.4 From a clinical point of view, up shoot in adduction in convergent strabismus is a finding commonly considered as an indirect sign of early-onset strabismus without normal binocular vision.
Refractive accommodative esotropia (RAET) is generally managed by fully correcting the hypermetropic refractive error. However, unexplainably surgery is advocated in this condition in order either to eliminate glasses or to correct any supposed dysfunction of the oblique muscles, mostly overaction of the inferior oblique muscles, which is thought to induce loss of binocular alignment. 5 Advocates of surgery for fully RAET base their indications on a supposed primary dysfunction of the oblique muscles, which hampers fusion in this condition. They therefore perform a simultaneous horizontal and cyclovertical surgery in order not only to eliminate glasses, but also to prevent a possible deterioration of binocular function. 5 -8 Such an assumption is generally rejected because the theory behind it is not supported by convincing scientific evidence. 9 In fact, reduced or even absent stereopsis is not an uncommon observation in patients with RAET, but it could be explained as a consequence of disruption of binocular vision during visual immaturity, prior to correction of the esotropia with glasses. lO Clinical observations may suggest that up-shoot in adduction can be observed in patients with RAET who decompensate, either because of inadequate optical correction, or even in spite of the full optical correction of the hypermetropic refractive error. In order to assess whether a cause-effect relationship exists between the presence of up-shoot in adduction and risk of disruption of normal binocular vision in RAET, we performed a retrospective study on a series of patients initially diagnosed with RAET, followed for at least a 4 year period.
Materials and methods
We reviewed the files of 58 patients initially diagnosed with RAET (Table 1) who have been followed for at least a 4 year period, with an average follow-up of 7 years and 6 months (range 4-12 years). All the patients included in this study showed a manifest esodeviation at near and distance fixation prior to correction of the hypermetropic refractive error. These patients were selected on the basis of the presence of normal binocular vision, i.e. normal sensory and motor fusion and stereopsis, orthophoria or mild esophoria for near and distance fixation with the full retinoscopic correction of their hypermetropia at least in the beginning of the observation. At the first examination, the age of the patients ranged from 14 months to 4 years and 3 months (mean age 2 years and 2 months). None of these patients showed anisometropia and refractive error (spherical equivalent) determined at the first examination ranged from +3 dioptres (D) to +7 D (mean +4.5 D).
The deviation was measured yearly with the prism cover-test at near (33 cm) and distance (5 m) fixation, first without glasses and then with the full retinoscopic correction of the hypermetropic error. Accommodative targets were used for measurements at near distance. The 4 prism dioptre base-out prism test (Irvine test) was used to check the presence of normal fusional vergences. Stereopsis was tested with glasses using the random-dot TNO test or the Lang test. Records of ocular motility examination for each patient during the whole follow-up period were evaluated in order to assess the prevalence of dysfunction of the oblique muscles and of alphabetical patterns, both in those patients who maintained normal binocular vision and in those who showed a deterioration of binocular function during the observation time. A and V patterns were defined when the difference of the horizontal deviation between upward and downward gaze was 15 prism dioptres or more. Up-shoot in adduction was assessed clinically, i.e. by examining ductions and versions, both through the optical correction and without glasses. In our records, it was graded on a clinical scale ranging from + 1 to +3.
Results
Fifty-one of 58 patients maintained normal binocular function, i.e. stable sensory and motor fusion and stereopsis with glasses, during the whole follow-up period. Minimal (+ 1) to moderate (+2) up-shoot in adduction was reported in 22 of these 51 fully compensated patients when tested without the optical correction ( Fig. 1) and in the presence of a large-angle manifest esodeviation. Five of these 22 patients also exhibited a V pattern when the deviation was measured with the prism cover-test without glasses at near fixation. No evident deficit of the superior oblique muscles and of the superior rectus muscles was observed in these cases.
Up-shoot in adduction disappeared in all but 2 of these 22 patients when ocular motility was examined with the full retinoscopic correction of the hypermetropic refractive error (Fig. 2) . Moreover, no alphabetical pattern was observed through glasses in these 22 patients except for the 2 cases who showed up-shoot in adduction even when wearing the optical correction. In these two cases, a V pattern was found with compensated exophoria in up-gaze and compensated esophoria in down-gaze when tested with glasses.
The remaining 7 patients of our study showed a progressive decompensation of the deviation at some stage of the observation period which had required surgery. After recession of both medial rectus muscles, 5 of them regained motor and sensory fusion and stereopsis with glasses, whereas the remaining 2 patients lost normal binocular vision and stereopsis. These two patients developed a partially accommodative esotropia with a small-angle basic esodeviation at near and distance fixation through glasses despite surgery. Before surgery, a minimal (+1) to moderate (+2) up-shoot in adduction had been observed in 2 of the 5 patients who afterwards regained fusion after a recession of both medial rectus muscles and in 1 of the 2 patients whose normal binocular vision could not be restored with a b imedial recession ( Table 2 ). This mild up-shoot in adduction was observed only when the patients were tested without glasses. After surgery, the up-shoot in adduction without glasses was unmodified in the 2 patients who regained stable motor and sensory fusion, w h ile it worsened into a +3 up-shoot which was evident even with glasses in the patient who developed a 
22/51 patients without hypermetropic correction 2/22 patients with hypermetropic correction
Evidence of up-shoot in adduction in 7 decompensated RAET patients 3/7 patients without hypermetropic correction 1/3 patients with hypermetropic correction partially accommodative esotropia with loss of normal binocular vision. No alphabetical pattern had been reported in the other 6 patients who required surgery.
Finally there was no evidence of any signs of down shoot (depression in adduction) in any of our 58 patients either without glasses or through the optical correction.
Discussion
Our results confirm previous observations which exclude the possibility that true up-shoot in adduction as well as true V patterns or other cyclovertical dysfunctions of ocular motility are common findings in RAET. 9 These supposed vertical incomitancies are detectable only when testing patients without their spectacles in the presence of a large angle manifest esodeviation.
Furthermore, when present they do not necessarily represent a negative prognostic sign for preservation of normal binocular vision in this condition. This is in contrast to what is stated by proponents of desagittalisation procedures on the oblique muscles in addition to horizontal surgery in RAET, 5 -8 Moreover a recent study has provided evidence that what appears as primary overaction of an oblique muscle may be a secondary overaction of both elevators. In the presence of inferior displacement of lateral rectus muscle pulleys, the ipsilateral elevators need to contract to maintain a constant vertical eye position. According to Hering's law the contralateral elevators will receive equal innervation, elevating the eye as it is adducting. 4 The origin of up-shoot in adduction and of the V pattern which can sometimes be observed when testing patients with fully compensated RAET without optical correction is not easily explainable. Some speculations seem appropriate. While testing patients without correction of their hypermetropia, the accommodative effort causes one eye to deviate. When the eyes are turned in lateral gaze, the nose may act as a further dissociating factor. Therefore, it can be hypothesised that temporary loss of alignment, or the interruption of motor fusion, may cause the adducted eye to turn upwards.
It has been found that even in healthy volunteers with normal stereovision, patching one eye for 3 days can cause up-shoot and down-shoot in adduction. ll It is possible, therefore, that up-shoot in adduction reflects latent motility disorders that become manifest by disruption of fusion. Elevation in adduction which takes place when the eyes are dissociated could also be interpreted as a dissociated vertical deviation (DVD). 2 Another explanation is that up-shoots in adduction and alphabetical patterns can be attributable to fluctuations of accommodation in lateral, upward and downward 
